The generalized transducing phage SV 1 of Streptomvces zienezuelae lysogenizes its host with low efficiency and is therefore temperate. Phage SV2 is also temperate in S. venezuelae, which it lysogenizes more efficiently than S V I . Prophage SV2 is the first example of a u.v.-inducible prophage in Streptomyces. Stable double lysogens able to produce both SV 1 and SV2 and insensitive to each phage have been isolated. The relative efficiencies of plating of S V l and SV2 on four different strains of S. venezuelae indicate that, between them, these strains have four different host specificities. The molecular basis of each host specificity remains to be determined.
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f' A, Stuttard (1979) ; B, Stuttard & Dwyer (1981) ; C, this paper.
release of infectious phage causing plaque formation when sporulating patches were replicated to NCG and carefully overlaid with soft agar containing spores of an appropriate phage-sensitive indicator strain; (ii) by insensitivity (presumptive immunity) to infection by homologous phage. All incubations were at 30 "C.
R E S U L T S
Isolation and stability of SVI lysogens
Single-colony isolations were made from surviving growth of each host strain within confluent plaques of SV 1. The distribution of putative lysogeny among serially related clones of each host is shown in Table 2 .
To confirm the lysogenic phenotype of strain 13s3(SVl), 190 colonies were grown from spores diluted lo-' in rabbit anti-SV1 serum and spread on GYM previously spread with anti-phage serum. As a control, 180 colonies were grown in the absence of antiserum from the same original spore suspension diluted in water. When replicated to NCG and covered with an overlay of strain 13s3 all colonies gave plaques in 24 h. This showed that the capacity to release infectious phage was retained by the host bacteria through a complete developmental life cycle in the presence of anti-phage serum. Insensitivity to superinfection by SVl and SVlcI was confirmed in tests with 13s3(SVl) in nutrient agar overlays; these tests also indicated that SV1 and SV2 were heteroimmune and that another independently isolated transducing phage for S. venezuelae, SV3, was homoimmune with SVl (C. Stuttard, unpublished) .
Stability of strain 10712(SVl) lysogeny in 100 single colonies grown from spores in the presence of anti-phage serum was also tested by replica plating: all were insensitive to SV I d ( 107 12), although nine failed to give spontaneous plaque formation in overlays (Ripphenotype).
Isolation and stability of S V2 lysogens SV2 lysogens of each host were isolated from the centre of single plaques or areas of confluent lysis. After one clonal isolation, colonies were generally insensitive to superinfection with SV2, but sensitive to SV1, and had a Rip+ phenotype. The stability of strain 13s3(SV2) ?: Rip-, No p.f.u. detected; clones were either insensitive (I) or sensitive (S) to superinfection by SVI; NT. 5 Progeny of Rip-subclone 3.ii (assumed to be an I type). not tested.
lysogeny was shown by testing 420 single colonies. All were insensitive to SV2 and most of them spontaneously produced isolated plaques in 1 3s3 overlays. Not all strain 10712 survivors showed a Rip+ phenotype on clonal isolation after SV2 infection. However, isolates that were discernibly Rip+ appeared to be stable. No loss of putative SV2 lysogeny was detected among 20 to 50 single-colony isolates of each strain taken from citrate-supplemented nutrient agar; all clones remained insensitive to SV2 and most gave sporadic plaques in overlay tests.
Induction ofprophage SV2 by U.V. light
A total of 260 colonies of 13s3(SV2) were replicated to NCG and irradiated with U.V. light (254 nm) at 45 J m-2 before being overlaid with 13~3. All gave colony-centred plaques compared with only sporadic plaque formation in a similar overlay on an unirradiated replica plate. These observations suggested that SV2 prophage may be artificially inducible.
In an attempt to quantify the induction of prophage SV2, spores of 13s3(SV2) were spread to give single colonies on eight sets of five NCG plates. Two sets were immediately irradiated at 30 J m-2. One of these was then overlaid with spores of strain 13s3 in soft agar while the other was overlaid with soft agar alone. Two parallel sets of unirradiated control plates were similarly prepared at the same time. The remaining four sets of inoculated plates were incubated at 30 *C for 4 -5 h to allow spore germination and production of germ tubes (hereafter called sprouts) and were then treated in the same way as the first four sets. All plates were incubated for 2 d after which plaques were scored on plates overlaid with 13~3, and single colonies were scored on plates with sporeless overlays. The results (Table 3) showed that while the survival rates of both irradiated spores and sprouts were quite similar, the irradiated sprouts produced at least five times as many plaques as did both the irradiated and the control spores, and about four times as many plaques as the control sprouts. Thus, f' Determined by indicator strain.
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exposure to even a small amount of U.V. light was sufficient to cause some induction of prophage SV2 in S. venezuelae strain 13s3(SV2).
In preliminary tests, the degree of plaque formation by replicated patches of strain 10712(SV2) was not affected by U.V. at 45 J m-2. This was surprising in view of the apparent induction of prophage SV2 in strain 1 3~3 .
However, since sprouts rather than spores of 13s3(SV2) were responsible for phage production after U.V. treatment, it was possible that sporulating patches of strain 13s3 might include a significant proportion of sprouts transferable by replica plating, whereas strain 107 12(SV2) might give more homogeneous sporulation with very few sprouts being available for transfer by replica plating. Consistent with this interpretation was the observation that when replicated patches of 107 12(SV2) were preincubated for 4 or 5 h, subsequent plaque formation was greatly increased by U.V. irradiation. Further analysis of U.V. induction of prophage SV2 is in progress.
Isolation of double lysogens
Using the single lysogens 13s3(SV1) and 10712(SV2) as host strains, double lysogens 13s3(SV l,SV2) and 107 12(SV 1,SV2) were isolated after infection with SV2 and SV 1, respectively. Each lysogen was insensitive to both phages, and each produced both SVl and s v 2 . 
Lysogeny and host specificity in Streptomyces
Host speciJicity Initial observations on the relative efficiency of plating (e.o.p.), i.e. plaque formation, of SV1 on three different strains of S. venezuelae (Stuttard, 1979 ) suggested that at least two different DNA restriction and modification specificities existed in these strains. Subsequently, these observations were extended to include SV2 and strain 107 12. The results of numerous platings of single-plaque eluates are summarized in Table 4 . The different values of relative e.0.p. on different hosts were consistent for phage eluates taken from each host regardless of the prior history of that phage. The host range of SVI, but not SV2, for both lytic growth and lysogeny also included S. phaeochromogenes.
D I S C U S S I O N
The previous description of SVI as an apparently virulent phage capable only of pseudolysogeny was based on the recovery of phage-free transductants sensitive to SV 1, under conditions where lysogenization by a temperate phage was expected (Stuttard, 1979) . The present results show that this was an inadequate criterion for the inference of phage virulence, or inability to lysogenize. When clones which released infectious phage were specifically picked and subcloned, phage-free SV 1 -sensitive clones were no longer detected in small samples after three or four serial isolations, and subsequent clones retained the phenotype expected of true lysogens (Table 2 , either all Rip+, or none Rip-, Sensitive).
Thus, SV1 is a temperate phage, albeit with a low efficiency of lysogenization of S. venezuelae. A stable SVl lysogen was more readily isolated from S. phaeochromogenes, and SV2 lysogens of S. venezuelae were also readily isolated.
An interesting feature of lysogenization by SVl was the relatively high frequency of putative defective lysogens (Campbell, 1977) , insensitive (presumably immune) to SV 1, but from which no spontaneous release of infectious phage was detected ( Table 2 ). The mechanism of this putative defective lysogeny remains to be determined.
The discovery of the u.v.-inducibility of prophage SV2 is of some interest since this seems to be the first example of the phenomenon in Streptomyces, and may provide a means of isolating mutants analogous to the recA strains of Escherichia coli.
Preliminary data on host specificity differences between different strains of S. venezuelae (Stuttard, 1979) were amplified in the present work. Assuming that host specificities revealed by heterologous platings of SVl and SV2 reflect different DNA restriction endodeoxyribonuclease and associated modification enzyme activities in vivo, the results of extensive measurements of relative e.0.p. of these phages on four strains of S . venezuelae (Table 4) suggest that at least three and possibly four different restriction-modification (R-M) activities occur, with unmodified SV2 DNA being more severely affected in all hosts. Thus, the data for platings of SV1 given in Table 4 indicate that strain 13s3 had a unique host specificity (R-MI) since SVI(13s3) was apparently restricted in each of the other three strains, and strain 13s3 apparently restricted phage propagated in any alternative host. On the other hand, strains 04828 and 10712 apparently shared a common host specificity (R-MII) since neither strain restricted phage propagated in the other strain, but both restricted SVl(l3s3). Also, neither strain restricted SV I (10595) suggesting that at least the modification specificity (MII) was present in strain 10595. In addition, the slightly lower e.0.p. of SVl(04828) or SVl( 10712) on strain 10595 may indicate that a separate specificity (RIII) occurred in this strain. Presumably, this would be accompanied by a corresponding modification specificity (MIII). Alternatively, the MI1 modification of SV 1 (04828) and SVl(10712) for some reason might have been incomplete leaving some DNA sites unprotected from RII restriction in 10595. Differences in modification efficiencies were invoked to explain some e.0.p. data for temperate phage R4 infecting S. albus strains (Chater & Carter, 1979) . However, the e.0.p. of SVl(13s3) on 10595 gave no indication of any additional specificity in this strain. Nevertheless, data for SV2 (Table 4) are consistent with 120 the inferences drawn from the SVl data, particularly regarding the presence of R-MI11 in strain 10595 where lack of effect on SV1 DNA could result from an absence of R-MI11 target sites in SVl DNA. In addition, SV2(10595) was severely restricted in strains 04828 and 10712. These results indicate that the latter strains had a restriction specificity, RIV (and presumably a corresponding modification specificity MIV), which was not shared by strain 10595. The lack of SVl(10595) restriction in strains 04828 and 10712 might then be explained also by the absence of R-MIV target sites from SV1 DNA. Absence of restriction endonuclease target sites in phage DNA could reflect selective adaptation of the phage to a particular host strain (Flett et al., 1979) . The proposed R-M systems in S. venezuelae are summarized in Table 5 .
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Arber (1974) noted that closely related bacteria often differ in their R-M specificities (for example, E . cofi K12 and E. cofi B), and that two unrelated R-M systems can both be expressed in a single host strain, sometimes (but not always) additively (for example, E. coli K12 [PI]). A possible additive effect of R-MI1 and R-MIV in 10712 (and 04828) could account for the lower e.0.p. of unmodified SV2( 1 3~3 ) compared with SV1( 1 3~3 ) (lacking R-MIV target sites) on these hosts. The absence of a similar effect on SVl(13s3) in 10712 (and 04828) compared with 10595 is consistent with a lack of R-MI11 target sites in SVl DNA.
Although the host specificities of 04828 and 107 12 were apparently the same, the e.0.p. of each phage, especially SV2(13s3), was consistently lower on 04828 than on 10712. This difference presumably reflected some host-range effect other than restriction-modification, since with heterologous specificities restriction should always result in a relatively higher e.0.p. on the homologous host. A similar effect was reported for phage Pal6 in S. albus strains (Chater & Wilde, 1976) .
Whether the host specificities revealed in S . venezuefae result from Class I or Class I1 restriction enzyme activities (Roberts, 19 76 ) specified by either chromosomal or extrachromosomal (prophage or plasmid) genes (Arber, 1974) is presently unknown. Attempts to purify a Class I1 restriction endodeoxyribonuclease from S . venezuefae so far have been unsuccessful. Recently, evidence of apparent restriction and modification of SV 1 in S. phaeochromogenes has been obtained (C. Stuttard, unpublishei) which is similar to the 13s3 host specificity. The existence of a known Class I1 restriction endonuclease (SphI) in this strain (Fuchs et al., 1980) may facilitate the further elucidation of these host specificity systems. Finally, the possibility of a 'non-classical' host specificity based on transient alteration of phage adsorption capacity (Kruger et af., 1980) has not yet been excluded.
